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Abstract 
This paper deals with emissions of transesterification Jatropha-Palm blended biodiesel as fuel for 4-stroke single vertical cylinder 
diesel engine. The engine emissions of Carbon Monoxide (CO), Carbon Dioxide (CO2) and Nitrogen Oxides (NOx) were 
analyzed and discussed. All tests were carried out at varied load conditions which were 0.13, 0.15, 0.17, 0.19 and 0.21 kW. The 
results revealed that higher CO, CO2 and NOx produced from all biodiesel blended as compared to Diesel Fuel (DF). This might 
be due to the higher oxygen content in the biodiesel structure and also higher exhaust temperature during combustion which 
promotes the formation of more hazardous gases. 
© 2013 The Authors. Published by Elsevier Ltd.  
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1. Introduction  
Biodiesel as an alternative fuel of diesel is described as fatty acid methyl or ethyl esters from vegetable oils or 
animal fats by transesterification with alcohol like methanol and ethanol[1, 2]. There are three generation of 
biodiesel which are made from (i) vegetable oil, animal fats and starch or sugar, (ii) any source of biomass which 
not focus from food crops, i.e jatropha (iii) and algae which also known as oilgae or algae fuel. Biodiesel produce 
from these sources is recommended for use as a substitute for petroleum – based known as diesel. The selection of 
biodiesel is mainly because of an oxygenated, renewable, biodegradable and environmental friendly with similar 
flow performance and low emission profile. It is also due to the attractive characteristics of biodiesel which are 
higher cetane number, absence of sulphur and aromatic compounds, excellent lubricity etc.  
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Biodiesel production from different plants jatropha, sun flower, palm oil, pongamia pinnata, rapeseed etc. had 
been well evaluated for their characteristics [3-9]. Some literatures reported less emission produced from the 
biodiesel as compared to the diesel [10-12]. However, there are also some literatures reported higher emissions 
produced from biodiesel [13-15]. This is due to the properties of biodiesel, therefore it is important to understand the 
chemical properties of biodiesel in order to obtain optimum engine performance and produce less harmful gases 
compared to diesel fuel. 
In Malaysia, production of biodiesel is mainly focus on palm oil. Due to the good oxidation stability and good 
thermal stability make this plant attractive to be used as an alternative fuel. As the global population rising, the use 
in producing biofuels has been criticized because it will lead to food shortages and price rises. Therefore, Jatropha as 
a second generation has been introduced. Several studies have been conducted on jatropha oil and it seems to 
improve engine performance and it is also likely to reduce harmful exhaust emissions [12, 16, 17]. It has been also 
reported that the calorific value and cetane number are higher as compared to the other plants.   
There are many ways to improve the properties of biodiesel fuel such as emulsification process, blends with 
diesel fuel and by adding additive. This study comes out with blends process of Jatropha, Palm and Diesel Fuel 
(DF). The DF is obtained from local supplies, Petronas in Malaysia and various blends of transesterification 
Jatropha-Palm biodiesel fuel were tested in a 4-stroke single vertical cylinder diesel engine. The engine emissions of 
Carbon Monoxide (CO), Carbon Dioxide (CO2) and Nitrogen Oxides (NOx) of diesel and biodiesel blended were evaluated 
at varied load conditions which were 0.13, 0.15, 0.17, 0.19 and 0.21 kW. 
 
2. Materials and methods 
2.1. Diesel engine 
A 4-stroke single vertical cylinder diesel engine is selected for the study and is mounted on a test-bed. It is air-
cooled, direct injection type of diesel engine as shown in Figure 1 below and the characteristics of engine used 
shown in Table 1. 
 
 
Fig. 1. Equipment used 
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      Table 1. Characteristics of engine 
 
Engine Characteristics Robin Diesel Engine model  DY23-2D 
Type 
Bore x stroke (mm x mm) 
Piston displacement (cm3)  
Starting system 
Cooling system 
Lubrication system 
Combustion system 
Fuel feed 
4-stroke, Single vertical cylinder engine 
70 x 60 
230 
Recoil starter 
Forced air cooling 
Forced oil lubrication 
Direct injection type 
Gravity type 
  
Model “MRU gas analyzer 95/3 CD” of exhaust gas analyzer is used to analyze the exhaust emissions from the 
diesel engine, i.e Carbon Monoxide (CO), Carbon Dioxide (CO2), Nitrogen Monoxide (NO) and Nitrogen Oxides 
(NOx) and also exhaust gas temperatures. The cable one end is connected to the inlet of the analyzer and the other 
end is connected at the end of the exhaust gas outlet. In this study, CO, CO2 and NOx emissions are being discussed 
in this paper. 
3. Experimental testing 
The experiments are conducted for variables loads like 0.13, 0.15, 0.17, 0.19 and 0.21 kW at rated        
speed. Five fuel samples were tested and the designations of each sample are listed in table 2. The emissions 
parameters of CO, CO2 and NOx are evaluated. These emission parameters of transesterificated Jatropha-Palm 
blended biodiesel are compared to those of DF. 
 
          Table 2. Five fuel samples designation of different composition 
 
Fuel sample designation Composition (by volume %) 
DF Diesel fuel (containing 5% Palm biodiesel) 
B5JPB 5% of blended Jatropha-Palm biodiesel & 95% diesel fuel 
B10JPB 10% of blended Jatropha-Palm biodiesel & 90% diesel fuel 
B15JPB 15% of blended Jatropha-Palm biodiesel & 85% diesel fuel 
B20JPB 20% of blended Jatropha-Palm biodiesel & 80% diesel fuel 
 
4. Details of fuel properties 
In this study, Palm oil biodiesel supplied by Sime Darby Biodiesel Sdn. Bhd., Malaysia is used as received and 
was then blended with Jatropha and diesel fuel. Jatropha biodiesel was processes in the lab using standard 
procedures and has been tested initially to prove the methyl ester content meet EN14214 standard before it can be 
further used. Whereas, the DF used in this study was obtained locally pump station, Petronas Sdn. Bhd, Malaysia. 
The properties of all fuels tested are tabulated in Table 3. It can be seen that higher density and viscosity obtain as 
increasing the proportion of Jatropha-Palm blended biodiesel.    
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                         Table 3.  Properties of Jatropha-Palm Blended biodiesel and DF 
 
Fuel Density (kg/L) Viscosity at 40oC 
(mm2/s)  
Calorific value 
(MJ/kg) 
Cloud Point, oC Pour Point oC 
DF 0.7990 4.1638 45.6260 8 -2 
B5JPB 0.8183 4.5488 45.2730 13 1 
B10JPB 0.8132 4.6207 44.4790 14 5 
B15JPB 0.8163 4.6687 44.8960 13 4 
B20JPB 0.8175 4.7752 43.8380 13 1 
It can also be seen that the calorific value for Jatropha-Palm blended biodiesel decrease as increasing biodiesel 
proportion in the diesel fuel. Cloud point and pour point also affected as increasing proportion of biodiesel, 
however, the value is still acceptable and can be used in the diesel engine.       
5. Results and Discussion 
The diesel engine was used without any modification and emissions result were collected and discussed below. 
Three emissions data were evaluated which consist of CO, CO2 and NOx. 
 
 
Fig. 2. CO emission with various fuels. 
Figure 2 shows the variation of CO emissions of DF and Jatropha-Palm blended biodiesel at various engine 
loads. The CO emissions don’t show consistent results with increasing biodiesel blends except at 0.15kW. At 
0.17kW, B5JPB show lowest CO emissions as compared to all fuel and lower by 10% compared to DF. Other than 
that, all biodiesel blended show increasing trend and this is might be due to the excess fuel of biodiesel blend 
required led to formation of more smoke and when there is insufficient oxygen to fully burn all the carbon into CO2 
[16].        
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Fig. 3. CO2 emission with various fuels. 
Figure 3 shows the variation of CO2 emissions of DF and Jatropha-Palm blended biodiesel at various engine 
loads. Unlike CO graph, only CO2 emission of break power 0.13kW show consistent increasing result and others 
show higher CO2 emission of all biodiesel blended. The highest CO2 produce is at 0.21kW of B10JPB by 33% 
compared to DF. The increasing of CO2 emission with load is might be due to the higher fuel consumption of 
biodiesel blended and due to the excess presence of oxygen in biodiesel molecular structure [18]. 
 
 
Fig. 4. NO2 emission with various fuels. 
Figure 4 shows the variation of NOx emissions of DF and Jatropha-Palm blended biodiesel at different loads. It 
shows that NOx emissions for all tested fuels decrease when the load increases. However, higher NOx emitted by 
Jatropha-Palm blended biodiesel at all loads as compared to the DF. It is caused by the higher oxygen content in the 
biodiesel structure and also higher exhaust temperature during combustion which promotes the formation of NOx 
[19].  
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6. Conclusion and Recommendation  
This study shows that the emission produced by biodiesel blended is much higher than the DF due to the higher 
oxygen content in the biodiesel structure. Therefore, the properties of biodiesel must be carefully studied in order to 
reduce the emission produce from the biodiesel blended.   
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